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HDTXLVLomRGRVGDGRVVHQGRRFRQWUROH WHPSRUDOXPIDWRUGHSULPRUGLDO LPSRUWkQFLDSDUDXPIXQFLRQDPHQWR
DGHTXDGRGRVLVWHPD/,%68PJHUDGRUGHDWUDVRFRQVLVWHHPXPHTXLSDPHQWRHOHWU{QLFRTXHDWUDVDXPSXOVR
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DESIGN OF A MICROCONTROLLED DIGITAL DELAY GENERATOR
Abstract: 7KH2SWLFV DQG 3KRWRQLFV /DERUDWRU\ DW (PEUDSD ,QVWUXPHQWDWLRQ KDV EHHQ GHYHORSLQJ WHFKQLTXHV
IRUDQDO\VLVRISK\VLFDODQGFKHPLFDOSURSHUWLHVRIVRLOVDQGWKHGLDJQRVLVRIELRWLFHJSODJXHVDQGGLVHDVHV
DQGDELRWLFHJQXWULHQWDQGZDWHUVWUHVV$PRQJWKHSKRWRQLFWHFKQLTXHVVSHFLDODWWHQWLRQKDVEHHQJLYHQWR
ODVHULQGXFHGEUHDNGRZQVSHFWURVFRS\/,%6ZKLFKHYDOXDWHVWKHFKHPLFDOFRPSRVLWLRQRIVDPSOHV7KH/,%6
DQDO\VLVUHTXLUHVDSUHFLVHWLPLQJGHOD\FRQWUROV\QFKURQL]LQJWKHODVHUSXOVHVKRRWDQGWKHGHWHFWLRQV\VWHPVR
WKDWPHDQLQJIXOGDWDLVFROOHFWHG6XFKDFRQWUROLVSHUIRUPHGE\DWLPHGHOD\JHQHUDWRUZKLFKFRVWVPRUHWKDQD
WKRXVDQGGROODUV$WLPHGHOD\JHQHUDWRUFRQVLVWVRIHOHFWURQLFGHYLFHWKDWUHFHLYHVDSXOVHDQGUHWUDQVPLWVLWDIWHUD
JLYHQIUDFWLRQRIWLPHZKLFKYDULHVIURPQDQRVHFRQGVWRVHFRQGVDFFRUGLQJWRWKHQHHGVRIWKHDSSOLFDWLRQ,QWKLV
SDSHUZHVKRZWKHSURMHFWRIDPLFURFRQWUROOHGGLJLWDOWLPHGHOD\JHQHUDWRUGHYHORSHGLQ(PEUDSD,QVWUXPHQWDWLRQ
IDFLOLW\,QWKLVJHQHUDWRUWKHXVHUFDQFKRRVHWKHGHVLUHGGHOD\IURPQDQRVHFRQGVWRVHFRQGVDLPLQJDW¿QGLQJWKH
GHOD\WKDWJLYHVWKHEHVWVLJQDOQRLVHUDWLR7KLVSURMHFWZDVGHVLJQHGWREHLQWHJUDWHGLQDSRUWDEOH/,%6V\VWHP
KRZHYHULWFDQDOVREHDSSOLHGIRURWKHUSXUSRVHVLQFOXGLQJGRXEOHSXOVH/,%6
Keywords: /,%6WLPHGHOD\PLFURFRQWUROOHU
1. Introdução
'HQWUHDVWpFQLFDVSDUDDQiOLVHGDFRPSRVLomRGRVRORHPGHVHQYROYLPHQWRSHOR/DERUDWyULRGHÏSWLFD
GD(PEUDSD,QVWUXPHQWDomRGHVWDFDVHDHVSHFWURVFRSLDGHHPLVVmRySWLFDFRPSODVPDLQGX]LGRSRUODVHU/,%6
0<(56HWDO(VWD WpFQLFDSRVVXLGHQWUHYiULDVYDQWDJHQVHPHVSHFLDODDYDOLDomRHPWHPSRUHDOGD
FRPSRVLomRHOHPHQWDUGHDPRVWUDV VyOLGDV OtTXLGDVRXJDVRVDV /Ï3(=HWDOFRPSRXFDRXQHQKXPD
SUHSDUDomRSUpYLD+(51È1'(=HWDO
$WpFQLFD/,%6pEDVHDGDQDDSOLFDomRGHXPSXOVRGHODVHUGHDOWDSRWrQFLDIRFDGRSRUPHLRGHOHQ-
WHVHPXPDDPRVWUDYLVDQGRFULDUXPDUXSWXUDGLHOpWULFDRTXDOJHUDXPSODVPD(VWDUXSWXUDRFRUUHGHYLGRDR
DTXHFLPHQWRGD DPRVWUD SRGHQGRDWLQJLU. FDXVDQGRDTXHEUDGH OLJDo}HVPROHFXODUHV H H[FLWDQGR
HOpWURQVGRViWRPRVHtRQVUHVXOWDQWHVQRSODVPD1RLQVWDQWHGHIRUPDomRGRSODVPDXPDOX]EUDQFDpOLEHUDGD
UHVXOWDGRGDDOWDWHPSHUDWXUD)LJXUDPDVFDUDQGRDVHPLVV}HVGHUDGLDomRGHLQWHUHVVHPDVGHVDSDUHFHSRXFRV
PLFURVVHJXQGRVGHSRLVSHUPLWLQGRDFROHWDGRVGDGRVGHVHMDGRVSRUXPHVSHFWU{PHWUR<$1*HWDORQGH
DOX]pGHFRPSRVWD8PGHWHFWRUFDOLEUDGRPHGHDLQWHQVLGDGHGHFDGDFRPSULPHQWRGHRQGDFRQYHUWHQGRDHP
XPHVSHFWURGHHPLVVmRFDUDFWHUtVWLFRGHFDGDDPRVWUD2HVSHFWUR/,%6FROHWDGRSHUPLWHHQWmRUHDOL]DUDQiOLVHV
TXDOLWDWLYDVHTXDQWLWDWLYDVGDFRPSRVLomRGHDPRVWUDV3,(5&(HWDO
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)LJXUD/LQKDWHPSRUDOUHIHUHQWHjHPLVVmRGHUDGLDomR/RJRDSyVDLQWHUDomRGRODVHUFRPDDPRV-
WUDDLQWHQVLGDGHGHUDGLDomRGHIXQGRpWmRJUDQGHTXHQmRpSRVVtYHOGHWHFWDUDVOLQKDVGHHPLVV}HV¿JXUDGD
HVTXHUGD¬PHGLGDTXHRWHPSRDXPHQWDDLQWHQVLGDGHGDUDGLDomRGHIXQGRGLPLQXLHDVOLQKDVGHHPLVVmRGRV
HOHPHQWRVGDDPRVWUD¿FDPHYLGHQWHV(VSHUDGRRDWUDVRFHUWRDUDGLDomRGHIXQGRSRGHVHULJQRUDGD¿JXUDGD
GLUHLWD)RQWH0\HUV
 
7HQGRVHHPYLVWDDQHFHVVLGDGHGRFRQWUROHWHPSRUDOFRPUHODomRDRDWUDVRHQWUHRGLVSDURGRODVHUH
DDTXLVLomRGRVGDGRVIRLHODERUDGRRSURMHWRGHXPJHUDGRUGLJLWDOGHDWUDVRPLFURFRQWURODGRYLVDQGRSHUPLWLU
XPDVLQFURQLDHQWUHRVHTXLSDPHQWRVHQYROYLGRVQRVLVWHPD2SULQFLSDOREMHWLYRGHVWHWUDEDOKRIRLGHVHQYROYHU
XPJHUDGRUGHEDL[RFXVWRSDUDVHU LQWHJUDGRDRVLVWHPD/,%6SRUWiWLOSHUPLWLQGRDVVLPUHDOL]DUHVWXGRVSDUD
GHWHUPLQDURDWUDVRTXHSURSRUFLRQHDPHOKRUUHODomRVLQDOUXtGRSDUDDSOLFDo}HVGHLQWHUHVVH
2. Materiais e Métodos
2DWUDVRIRLHODERUDGRFRPEDVHHPPXOWLYLEUDGRUHVPRQRHVWiYHLVVHQGRHVFROKLGRRFLUFXLWRLQWHJUDGR
7&+&)(VWHVFLUFXLWRVLQWHJUDGRVIXQFLRQDPFRPRWHPSRUL]DGRUHVFXMDFRQVWDQWHGHWHPSRSRGHVHUDMXV-
WDGDSRUPHLRGHXPDUUDQMRHQWUHFDSDFLWRUHVHUHVLVWRUHVSRGHQGRYDULDUGHQDQRVVHJXQGRVDWpVHJXQGRV)LJXUD
1ROXJDUGHUHVLVWRUHV¿[RVIRUDPXWLOL]DGRVSRWHQFL{PHWURVGLJLWDLV0&3FRPHVFDODGHRLWRELWVRX
VHMDGX]HQWRVHFLQTXHQWDHVHLVYDORUHVSRVVtYHLVSDUDXPLQWHUYDORGH]HURDWpFHPTXLORRKPVDMXVWiYHLVYLD
FRPXQLFDomRVHULDO63,
)LJXUD5HSUHVHQWDomRJUi¿FDGRIXQFLRQDPHQWRGRJHUDGRUGHDWUDVR$RUHFHEHUXPVLQDORJHUDGRU
RDWUDVDHQWUHQVHPVGHDFRUGRFRPDDSOLFDomRGRXVXiULRHRUHWUDQVPLWHDSyVRDWUDVRSURJUDPDGR
3DUDRFRQWUROHGRVLVWHPDIRLHVFROKLGRRPLFURFRQWURODGRU3,&)RTXDOSRVVXLIUHTXrQFLDGH
RSHUDomRGHDWp0+]HPHPyULDSURJUDPiYHOGR WLSR)/$6+GH.%\WHV IDWRTXHSRVVLELOLWDHVFUHYHU
DSDJDUHOHWULFDPHQWHFRPJUDQGHUDSLGH]HXPD65$0GH.%\WHVDOLDGDDXPD((3520GH%\WHVSDUD
DUPD]HQDPHQWRGHGDGRV$SUHVHQWDWDPEpPSRUWDVFRQ¿JXUiYHLVFRPRFRQYHUVRUHV$'GHELWVHSLQRV
GH,2DJUXSDGRVHPXPFRQMXQWRGHSRUWDV
&RPUHODomRjLQWHUIDFHFRPRXVXiULRIRLHODERUDGRXPWHFODGRPDWULFLDOHPFRQMXQWRFRPXPGLVSOD\
GH/&'GH[FRPOX]GHIXQGRSDUDDH[LELomRGDVFRQ¿JXUDo}HVVHOHFLRQDGDVHDMXVWHVGDVPHVPDVYLVDQGR
XPDPDLRUIDFLOLGDGHQDFRQ¿JXUDomRGRGLVSRVLWLYR
2FyGLJRGHFRQWUROHGRVLVWHPDIRLGHVHQYROYLGRXWLOL]DQGRDOLQJXDJHPGHSURJUDPDomR&DTXDOpXPD
OLQJXDJHPHVWUXWXUDGDHFRPSLOiYHOGHSURSyVLWRJHUDOPXLWRXWLOL]DGDHPSURJUDPDomRGHPLFURFRQWURODGRUHV
$OyJLFDGRFyGLJRVHEDVHLDHPDSDUWLUGDFRQ¿JXUDomRLQLFLDOGRWHPSRGHVHMDGRSHORXVXiULRDWUDYpV
GDLQWHUIDFHVHOHFLRQDUTXDODPHOKRUFRQ¿JXUDomRDVHUDSOLFDGDSDUDRWHPSRHVFROKLGRRXVHMDTXDLVLQWHJUDGRV
VHUmRKDELOLWDGRVSDUDVHREWHUDPHOKRUDSUR[LPDomRGRYDORUGHVHMDGRSDUDRWHPSRHVFROKLGR3RVWHULRUPHQWH
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VmRKDELOLWDGRVHFRQ¿JXUDGRVRVSRWHQFL{PHWURVGLJLWDLVSUpVHOHFLRQDGRVSRUPHLRGHFRPXQLFDomRVHULDO63,H
SRU¿PVmROLJDGRVRVPXOWLYLEUDGRUHVPRQRHVWiYHLVKDELOLWDQGRDSRUWDGHVDtGDGRVLVWHPDGHDWUDVR
$)LJXUDDSUHVHQWDXPHVTXHPiWLFRUHIHUHQWHjFRQ¿JXUDomRGRVSRWHQFL{PHWURVGLJLWDLVHGRVPXO-
WLYLEUDGRUHVPRQRHVWiYHLVQRTXDOIRUDPUHPRYLGDVDVFRQH[}HVGHFRQWUROHUHIHUHQWHVDRVSLQRV&6H&/5
6HOHWRUHVGH&KLSVSDUDIDFLOLWDUDYLVXDOL]DomR
2VLVWHPDIRLHODERUDGRHVLPXODGRSRUPHLRGRVRIWZDUH3527(86RTXDOWDPEpPIRLXWLOL]DGRSDUD
JHUDUROD\RXWGDSODFDGHFLUFXLWRLPSUHVVRGRSURMHWR
)LJXUD(VTXHPiWLFRGRFLUFXLWRUHIHUHQWHDRVSRWHQFL{PHWURVGLJLWDLVHPRQRHVWiYHLVSDUDDJHUDomR
GHDWUDVR
3. Resultados e Discussão
2VUHVXOWDGRVREWLGRVSRUPHLRGDVLPXODomRQRVRIWZDUH3URWHXV)LJXUDHLPSOHPHQWDomRGRVLVWHPD
IRUDPFRQGL]HQWHVFRPRHVSHUDGRFRPSURYDQGRDH¿FiFLDGRVLVWHPDHODERUDGRRTXDOS{GHVHULPSOHPHQWDGRD
XPSUHoRPXLWRLQIHULRUjPDLRULDGRVJHUDGRUHVGHDWUDVRFRPHUFLDLVH[LVWHQWHVQRPHUFDGRFRPXPDTXDOLGDGH
FRQVLGHUiYHOHWDPDQKRUHGX]LGRSHUPLWLQGRXPDHFRQRPLDGHFHUFDGHGRLVPLOUHDLV5HVHXXVRHP
VLVWHPDVSRUWiWHLV
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)LJXUD6LPXODomRUHDOL]DGDSDUDXPWHPSRGHXVGHDWUDVR
4. Conclusões
2SURMHWRPRVWURXXPDDOWHUQDWLYDSHUIHLWDPHQWHYLiYHOHH¿FLHQWHSDUDDSOLFDo}HVQDVTXDLVVHQHFHVVLWD
GHXPVLVWHPDGHDWUDVRFRPSDFWRHGHEDL[RFXVWRSRGHQGRWHUVXDVDtGDDGDSWDGDFRQIRUPHDQHFHVVLGDGHFRP
SHTXHQDVPXGDQoDV
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